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SUMMARY

VSAERO (an acronym for Vortex Separation AEROdynamics) has
been used to produce an aerodynamic model of the aircraft. When fully
developed, results from the model will be compared with results obtained
from experiments planned to be carried out in the ARL wind tunnel. The
velocity field and wake geometry in the vicinity of the aircraft, and the
pressure distribution on the aircraft have been calculated for various flight
conditions. Calculated lift coefficients for the whole aircraft were compared
with wind tunnel results obtained from McDonnell Aircraft Company (Ref 6).
The model was also used to study the effect of engine intake velocity on the
aerodynamics of the aircraft.

The major problem encountered during the development of the model
was a numerical instability caused by the complicated vortex/vortex and
vortex/body interactions in the vicinity of the tail of the aircraft. During this
time, a new version of VSAERO was installed at ARL which promised greater
stability in this area. It also allowed for a denser grid in the wake structure.
Comparisons were made between the old and new versions to determine the
extent of the improvements.
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1 Introduction

lTe tK'A-18 figltI r aintratl' recentt I t cq ttrvd h, Iv li ltvatI Aitstra iini ,\ir I ,rctiusI ~ advsance(] flight. ctnI rt I syslenis andt iulvato-c alitimlliics. Tlit aet4(1lyani

efiicienes' and also eniabl he 1 aircra ft. t, Ill- at veryV hiigh anugles of altark (Thew F/IAI 18 canl fly at angles of at tack in ex cess 4 410.0I degrees). 'I'( hefefec t tf the bE X's

During thle course i flhight tests, it. lois 1been iscoveredl that the vo rt ices pri-

dlucedl by the LEX's mav burst and cause a highly tntrbulent flow near the erapenl-

A tage- This tu rbu lent flow has, ill tuirn , causedl si me sI riic t iral proiblems- Figure 2.
illustrates the effect if the burst vortices on the emipennuage-

T[le aircraft has been structuorally strengthened in the affected areas, hut, there is
still a need tn establish dletails of the votrtex flow ariound the aircraft, and particularly

the vortex bursting. Stutdies are under wav at several research centers, including

A Rb, whiere a joint wjind tunntel and citniputational fluid dynamics (C PD) approach

is planned. Conustru~cltin iif a 1/9 scale wind tiuninel ioi ihl comnmenced in 1988K

Meaniwhile the CFD coihe VSAFER() (Vort ex Separat iii M'llainics) supplied
by An alyt ical M etho ds [Inc. has teen app lied toi the I' IA-I 8 con figiurat inn.

Resul is obt ainied wvith VS A P Hf) are intIeiideid to be used ftor the follotw ing pur-

poses:

1.To assist in the design i if the windi tui nnel miodel. speci icalls' in thle area

of intake desigii. BY varying the 'flow-t hr'tugh' velocity irs the intakes the

insfluence, if aity, tif the intakes in the aeridvualtics of the aircraft wvill be

investigated.

2. As a complement to the winid tunnel model results. Pressure distributions and

total forces anid nutrnerits will lie comrpared andl analysed. The comparisons

will assist. its the dlevelopment and the verificationi if the VSA ERO result.-

VSAERO will then lie used tot extenid the result s tif the wind tunnel tests.

3. To~ determne the path oif the LEX voirtices. VS AE Pt)Cainnott predict viortex
burstingit1 can, however determine the pathi (if these voirtices. Again, the

results wvill co mplement those fromrr thle wind It- i'" t a del.

This paper dtocuments the first stages tif the (level . and use of VSAERO.

The effect of incliuding a flcw- thtrotugh engine intake i.. e aerodynamics of thle

airpilane wvas investigated. lii addition, calciulateid lift. cioefficients were compared

wvith experimental re'sults tof wind tunnel tests perfoirmed Ity the McI~onnell Aircraft

Companty. At thlis stage, thle effect tif vortices oiint tin g frot thle L EXts is tnt
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i I Iclti('Il 'l The angle of attack sits litIrIIl di livet W vssItcs %Viv II is d" Iiiiitti.

F 2 Method Description

Th'lree'-dimensional panel met trods reprecst-rt Ning anil In dv sirfactis h va assn ii
of pol *Ygonal panel s wi thI si nigii la ci ties (Ii si ri hue1- d over t li r sr irfares. 1) ani el miet ihod Is
have an ad vantage over thle simpler co des in t Iiat thIickniess andl camtrbe r etfecl

may he included. Wakes are represented byv a p~lanasr doiiblet sheet sihed fri in thle
trailing edge of lifting surfaces in the free streamn direction. i'atnel methods canl

model some non-li near effects suich as wrake roll ii i) anti thle e Fec ts if bll rd ar V-

layer growth on the potential flow soltion rs Panrel mnetitids are agotd ot rproinis(

betwieen the simple yet Ilimnited cod's antl HCi eMore eXact t cit Conpit 'cites. 'I hey

are able to model complex flows such as three imnitsionial vortex ii .ss. set are
riot so) complicated as to create a large ien and offi cominpiter resoiures.- Fo r thIiis
reason panel methods have been uised to great ailvant age itt solv inrg p riobhems wvithi

complicated 3-D geotnetry i r where vortex interact ions ioccurr (llefs 31,1,5).

VS AERO (Ref 1) is a sitrface s ingilri nt v pa rie methiiod ill wic icl( wrhoii le flow

field is treated as a potential fla' with viscous re'giions confined to inflinitecly t hin
boundary layers, free shear laye(rs andti i co cores 4. siail diameter. 'I'he( basic

formulation of thle VSA ERO panel miet lid is by way if Creenl's titeorei atiu is

described in Reference 2- For completeness, a brief description of thle methoid is

presented here.
The surface confligruration is ap pro ximrated by ;I set. of flat quiiad rilateral panrel,.

of unsiform source anti doublet sirngularity st rerigths. 'lie panel sourrce valures sire

determined by the local external Neumnann botiodarv condition. The panel doublet
values are solved froin a set iif sirnir liarit its linear cciiiat ioliis sisecif feirg expl)ic it ly
tile internal IDirichlet bou ndar' conrd it itt thlit tiefi ttal vel ocity' piotenti al ois t lii'

interior surface of each panel shall hi' eqiual to the frie-strearn velocity potent ial

there (i.e. the condit iion of 'ieri pert iiittut ii n potent ial intside tire ciii r tr). TI'is 

part icurlar formirlat iitr givyes a dioub Ilet soiit re comb ittatit ii whIichr is jrust i n e oif atr
infinite set (other forms wecre cotnsideired earlier fur VSA l'KO).

The wake surfaces (i.e. the free shear lavers) are' reptresetted liy Hat quradrilateral
panels of uniform doublet singularity stre'ngthIs. 'i'llre varitiinr iii strength fritn

panel to panel in the streanwise directioniinart becit her costanit or vary linearly,
depending on thle wvake type usced. For conveynrtional wvinig type wvakes tire doublet
distribution is constant irs thre strearsiwise dlirection, whereas fur separatcd wvakes

the dourblet distribunticin has a linear variatioin. 'Tie wake surfasce carntot suprpitt
a load; therefore, tire douibiet cli st.iii t it n i ilt, wake sirrface t nist satis fy a zero

force condlititon, Doulet values at tire pint tof septarationr are uict erriied l)' ivt
co~ndi tions at the sutrface' pls ci it r it frim 'wthutichr t lit, wsake' is shred. Tlie jtumip if)

doublet strength bectwaerer adjacent a' aki' ri litni s caurses Ihle junriction fto act. a-s a



vomrtex iauom-mt. Ili t ime % amkm. I Ili- mili mml %--id ti-x-hiiw gei-i ct rv is, isimalm prsribedi.
I itib tie niiit so Itit ,ims, . wit ex Iiri's airm- ri-' 'emt -d ai rIg (-;i I uIiat Iii imiemim strariniImes

inii n ite(rat ie promc'miirm-
Ie omit p)Iut fri in t hei V1m mdC pr. vidc'- (1, iimiNoit valuie' . 11, i -d(i tmm'sim .1ini V(.lmimit mm's

and pressmure' coicienmjits at t 1mm siirfmim'm jimim emit rm als. 'I lii tin grain computes fomrce'
amid momment. c'oeiien'mts for hmmt i t ii lremm itifgiiratm ii andm spiecifiedi siise'itimonq.

It w'ill calculiate paths ifi smrfac andii mi-mu rst rm'mrii-ms, amnu it will i'am'imatm' time
nlow velocity at arliirmv imr ism'r-spiim''iimm pmoints mIii im ma'w tielmd. Stirimime velmocities

aire determned frorm time gramdien'mt mlist ribl ioni. imrissir cm miienmi mire refereniced
to a non-di men siimal Imoset veI iIit ,-(~Iimt m itI It. 'ibm' mi jit v mif t In immico' is c'ullaiTic'mI

through time gemnerati (i i l ammimplO plto' mit Mt (Iimif gem mit ri c anim am'rm mviiatiimc data.

3 Results and Discussion

3.1 Configuratiozi Description

'T'ie panelled gemet ry mif thei F/!A - IS mmmigimramtion mmsecd fo r time nmomdelling is shmowmi

iii Figmure 3. The~ airm'raf't's gemeral immmisimm ms arm' prsemtedm in F"i gmmre .. 'Tie model
comes in twso main mmioriis T 'he first, wvit i a total mmiumber mmif pamnels mif 1,192, is
illustrated in Figumre . Tme scni mmiiias mm mi'm-r (list ribuiitm in omf pan els o ver time
wing and center sectin mof thei fuselage, wit It a Itan if 2052 panels.

The moidel is brokeni imp into 1 2 uat ciiis amnii two cmpomnemits, 'The two coin-

portemits are, time wing amid time hoilY (fmuseiage'). Thei Wimng CoIirSeS t wi of the 12

patches. They are, time aiing (excluming time LFX) ammd time wimng tip (thle tip patch
is used to effectively "close mil'f th iicoimiid if th wm'in ig) . Tihe rim eimmgm' cmp rises theii

remainming 10 patches wimich inmclumidi thn LEX, t he eniginme intake and exhaust anmi a
small portion of time rmmm se'ct wit oif th ini vmg.

The VS AEiO odel iffers Ili mm fiss Si gin ifticanit aspmects friomi thiie rm'al aircraft.-
the most notable heing time iack imf aermms'mmmmmii tail smirfaces. T'hemse surfaces wvere'

miot included jin this prel ihiimaryN miideiml as it wvas thouiight t hat the extra complication
needed to iincluide them womulmd tiot lie ivarramiteid im thme bmenefits gainmed. The model

has since had time horizontal st abilimers imncluded se't tm am anmgle of Zm'rO degrees. An

illustration if the mmew geornet r-' is shmmswn iii Figumre 5. Riesmult s, however, are mmit
presented as they are nit as Yet avmaiable. At this earls' stage of development, it

was thought 0mmore importanit tim get the general confmigurmtiomn correct before gm-iing
on and producing a moore coniplex odmel. Tme nimmiel also has a fewv necessary
simplifications to allowv reasomnable moideling by VSA\ER.O. Amonmg these are the
mrnission of wing tip pymlonis amid time mmnissiomi of boundar-layer bleedi air slits. '[le

wniing tip pylons weren' t miniici ledl ams it iwas thou imght thiat their mi'oc t mmil the oiverall

aeromdynmammics wouild Ile liimited tim ti' ing tipls andi henmcm' havie mmmi gneat effect on time

roomt vortice's mif interest iii t his mmmi immi lmmlv aillowancem mamde for mI tim' ibleeid slots is

time moidellinig if th ei'mxti'riomr diimen'msions if t hle imimimmarl laver splitt mr plate. Tihese



devices were modelled in this way because tile VSAEI{O program models boundary
layers as being infinitely thin, (i.e. the program is a basically inviscid code with
allowances for viscosity effects). On the aircraft, the effect of the slots is to remove
the low energy air in the boundary layer before it reaches the engine intake. In the
model, the boundary layers are infinitely thin, hence tle effect of the bleed air slots
is lost. As a result, this modelling was seen as adequate.

The wake panelling is similarly divided into two parts, the wing wake and the ex-
haust wake (future models will also need to include the LEX wake). The wing wake
is a regular "wing" type wake with a uniform doublet distribution in the streamwise
direction. The exhaust wake is a "separated" type wake with a linear doublet dis-
tribution in the streamwise direction, with the doublet gradient specified as a jump
in tangential velocity across the wake (in this case, the jump in tangential velocity
is specified by the user). Fr the results presented here, the interior velocity of the
exhaust wake was specified as twice the free-stream velocity. Other types of wake
that are available in VSAERO include a "propeller" type wake and an advanced
dual-energy (closed separation) wake, where the doublet distribution is linear in the
streamwise direction with the gradient determined as part of the solution.

VSAERO Version C is limited to 30 wake grid planes, and hence the number of
wake panels is limited to 653. Because of the limited number of wake grid planes,
version C would have difficulty modelling the entire wake including the vortices
originating from the LEX. In version D, however, the maximum allowable number
of wake grid planes has been increased to 155, allowing the use of a much denser
wake grid. The model used with version D had 50 wake grid planes and 1125 wake
panels. In future models, this number will need to be increased to accommodate the
LEX wake (to include the LEX wake, the wake will need to start at the leading edge
of the LEX instead of the trailing edge of the wing where it starts in the current
model). Figure 6 shows the wake structure for a typical solution at an angle of
attack of 8.0 degrees.

VSAERO allows normal velocities to be specified on groups of panels to allow
inlet and exhaust flows to be modelled. There is, however, no requirement to satisfy
continuity for the total internal flow. This capability has been used to model both
the engine inlet and the jet exhaust. For most of the results presented here, the
exhaust velocity was set at 2.0 times the free-stream velocity and the nominal inlet
velocity was set to 0.0. However, the effect of inlet velocity was studied with the
results presented in a latter section. It should be noted here that VSAERO can
only specify normal velocities for panels.

3.2 Effect of Aircraft Angle of Attack (a)

The model was used to obtain the characteristics of the aircraft at low angles of
attack. Solutions were obtained for a varying from 0.0' to 12.00. For angles of attack
less than 4.0 degrees the solution was quite stable, how-ver, as a was increased
the solution became less stable. The instabilities in the solution arose from three
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areas:

0 1. The s'trtt'\'5 ru-S irtrctrnfs at

:I. Tihe tetiloce- fir the. iket 1 cr,ts~ fltl, J bf riVt111it r%

Durinig the shape it erat ii its at hiigher anjgles idf at t ark, tite wake get miet r ' varied

quite mtarkedly ini areas 4 strong vo~rtekx initeract ion. This is dlemontstratedl in Figure

7, wh ichi shows the etiri verging pir triss ,vur six tea I li shape it ira t i 5isr fi to cr, 5-

sect ions of the ing wvake at is 5.0". As r~ brelt sen evsen after six i terat i s,
the solut ion isas not yet Cull v ciiiverged "'it hi fiurthIer %vake shiape iterations thle
solution would still not con verge. [n ii cailerses (au lairger iiant 6r0".) thle sr tition

would start to diverge if morre iterat-ions were at t empted - A limit 4 six wake shape
iterations was imposed oni tire soluition pricess Thlim iiit chtosen was a rtimproni se

hetween rompuiter time and soluitin arriurary. It was ls, noted thlit iii some rases

the solution would becoite numnerirally uitst ahle wthi further swake shape iterations

past six. In many' solution,;, as illuist rated in Figure (5, t h-' wake ma ,' crtme close

to or even penetrate the hod , panels. As a result, thle pressure croetlicients tetrded

to vary corisidera hIN ,ver tile tail sect,aln ftor artv tue st nlt iml ThI le st ability of
thre solution wvas itmprovwed by rchanging till parameters iisedi by \'SAER() for t lie
Gauss-Seiclel iterat ive solver tusedi tt invert tile influecei nt rix. These were the

Gauss-Seidel residual limit orr the convergence litmit anil thle relaxat it i factr,rs. By
chranging these parameters thle instahility vwsts rdecreased bitt niot elimniated. Also,
the computer timne reqired fOt arty tue srI it Witws elVieI el il i bled.

'rise lift ctoeficietits oibtainied r iii the modtrel aret tniltartil wilth experirtient

in Figure 8. Inlctuded] in this graph is tire ttit ribtiiri 4ftrt wing t r(tie overall
lift coefficient- Althotughi the CI, cuirve for the rot ilel renuini cit se t it t hat. of tile

experimental results, tire results shiireat fenuleturY to, deviat e. at sic tt oiiints, from

tle constant lift icurve slo pe ? f the texperrimflenta a ita. lThis dt'eviatitont is iiiit as

apparent in tire lift curve slotpe calciulated for tire tying itric. Hienice it appears
tirat thle devi at ii is mainly du tie ile in starbilityv in thre sr Iuit ii i in lie empennage

regions. The average lift curve slope fotr thre model is 3.882/rod cotnmparedl with that
from the experimntt wvhichr has a lift curve slope if 41.31 7/rad. -- a dlifferenrce (if

10%. It sihoulid Ire not ed t hat tile lift co effi cients obtinedici frtn iile mi ii c were not

expected to he completely accurate ilife to tlre lack otf tail surface.- atid the itiviscini
flow characteristics t4 tire VSA FiIO prigrani. '11w cotiilrrismti with experimental

data was intendt,(d primtarily tii shotw whither thei niotdel cimiild pmilice reasonahle
resutils.

For the larger atngles t fattack (61.0" andi alit tn) it seas itt id thiat thle psressitre

distribtionus arunditr le exhaust pie fetndediili r t ite ic Isit is, iv'. tire local
velocities were breinig retardedl. 'IThis setlis t suggest I tilt I If- ii1 ut-I noeeis a sehia-
rationlitre ii Ihis -tgitni. 'i'it' pisil iii if flii- siliarr ii i nt uiti Ire (leterinet'd at



each jilivi(Iliial anigle' f itIat ik bw v i got Ii~a rig I I III -Ii liiaraI rist I ,s iirorjiu t I c

I aiI ;i pe fronti ain inif ii Irtui wit III (I ire se-)irrtI iit rnc irorriri ( t(- pi-riir rof H lIv

exhausrst puiper' Tlhe sepratio rint (i-tirild Ow rI-i move to~r Ilw ap roprriaite porsit ioni

,itI lit- aircraft rand lit, ruI crli, l .,I~ t it b(I Iii is-il Ioi ,i1 lift tihe ijrmnl d So 1i 'Ti .

Furt her inlvestigat ions ir, ririrlr f, iletir-ritirr'icir h rir t Ilis rcitrirri ill lite mrodl

is warrantedi.

3.3 Effect of Inlet Velocity

,fle origine inilet velocity vwas variedl Front it Ireoinial 0.0i. or nio iulet velocity., to
2.0 times the free-stream IVeCI ityN. liiv ca nal I io f inlet velocity vWas str1ir(1ieri as to

determine the importance of this trararreter ,in the soluition. lThe reslilt s obtained

using this model of the F /A -1I will t(, u sed to dec ide whIet her thIe effect rift he lo w
through the intakes is important enough to be includredli inte low speed wind tuninel

model currently tieing m anu factuiroil. '['ll(, effect if thIis paramelter is rioit. in cliiuded

ini the M'cDconnell results.

Figure 9 illustrates thre effect i if inrilet VViiiCit V on ovrerall li ft ci ollicieri t at, an anglo

crf attack of 8.10'- InclIudecl ini thIis graph is thre calculIatedi winrg lift coefficieint arirl

the experimental data for this angle if at l ark. fIre( hit ter is included as a reference.

The effect oif inlet velocity scorns ti hie greartest wvhenr thre inilet. veocityv is arcound OA '

times the free- streani veocity. At this poi init thei lift cr ici ent hias dlecreasedl from

0.4067 to 0.3510 - -a 13% decrease 1-Vhirn thre velocitv is increased beynd that

point. the overall effect decreaises (e.g. at ;iii ntaki velicity (if L5r, (4, - 1.3856).

Thre maini effect cif var vi rig th liniilet velclitv~i is 1I var v t Iie lioc al pressunre dIis

tributini u anil arioundi thre engine inilet (it,. mostl ltfo t Irei( inlet ). As tire

intake velocity is i ncreasedl from 0.0, t he a rea i f stagsat ii i in tire face arid ir friont

oif thre intake disappears. T[he face i f tine inutake b come ris a regiin oi f Ihighi sirctin

frir high intake veloicities. O~n panirIs iii tire cicirir v if thIe initake', pressurres are also

modified. Onl panels ahleadl if tre initake, th le effect if a highi intake' color ity is tii

decrease thre pressures, frin ni ear staginrat ion p rss im toc i a sighrt sic tion O (n tire

patrol i mmedi atel bhrind tl le init ake, thle Or't-ct .in pressrec is I. Ire, reverse if thiose

ahead; that is, pressures vary froiii siiglit kaii,)v fir low instnake x-'lricil ics to slight ly

prisi t ive pressure coiefficients for hiighi init ake velo c it ies. 'lIre effrect r fthle initake ive.

Ion ty seems to be mainly local, burt ii', efHoct. is niiiceale iii thre overallI aircraft.

pressunre ristribhut ioin ( andi hence toct al force and illimontls) , as is sho cwni in Figurre

9. Thre variations iii pressurre clist riburti irs ahread iif lte intake surggests that tire
intake flosv-thronrgh velocity wonriuld have air r0led (i Oilr vonrt ices ermanrating friim

Ithe Leadinrg Edge E"x lersins .Frioin these riesul ts, it apphears tha nt Itle wvinil tunnniel

Modiel shoruldl inicludre i irs-I lrirgh intlet s.



3.A CDrrrrirrisorr h~l.weelI VSAE~IM vi-rsiri C andl 1)

Duirinig tite courise iF itrsilrpiiig tlic iiill.. ;1(%% -rici o .1 oii F \A 1:1(( 1 w;s [list arllid

at AHL. 'Ilre riew versio inciiludels riyi re ilie it iii T iiiiiti of arras liwe ire.
i noreased i lmi 1 ii tr rlitfl uer i f wake grid pla ins. a ri i iIi restl art (sari's , oiv t Ie( last
slu tt runi calculIat ed at id( hiiie saves ,in itrwinr v ) a inid i Ii 11)ri vcniii Is ii t ie( s itrface

st rearnline track ing andt(Ib irit (IarY- Iaver ca I (iflhit Irisj. It Iwits also, (-ilie(] I liat t Ili.

newr version woulId I) u irr, a bis t Iin it I rcat miai if v, irt ex i it eI r t in is. It wsin
decided to modriel the aircraft irsin g tis newr virsio ii f VS A ElI alri i to make a
comiiparison with ittie oi ve srs ioni.

Tire twin verioirs if S A E lRt were comred~rii fr ;ii angle Faltfac k f ti.0ti' i
mrodel used inr each case was exact lv thei sariei, soi as to , iiit iv c,,iprlare tflit- twov
versions. Figure I1U shows ft( ieniial wake ge 'iret rv Fr inch case A s c air ire s
the new Version displa ' s a inarked i rapri verutirif , ver tire old Thiei ra k, sia- ie

a lot less chaotic and there was a rmajor irrrlrovrrnrit Ii riieriral st aiilit v. As

is demonstrated in Figure 10 Ith le rmairn ifferene bet ween tiie' tsr versi irs is tOwi

wake gecrnetr 'v inr tie vi cii v - f tire frsri age 1 ft li aircraft . Vers ion II tias great iv
impiroved this aspect of the soltionii, and lictir. tfendis to siow ithalit versio 1),I as
it claims, is mitch in ire nirrericallY stabile tharnn the oliter ver-sin Ii lire total lift
coefficient for the aircraft idid iii it., Irriwever. vary inircli noetwen thle two silurtionis,
It nmust he rioted here, that V.SAElI( version C* was inabile' ti pticurce at soution
for angles of at tack r fgreater t hair 6.0"), ivirveas rvs i 1 ) hias Ireet a ie to produliice
a solution for all angles if attack at tempt(,(] si far (nlip to 12.0")

Version 1) alloweid ant increase ill thre iniier ifwiake gnu jilaies. arid alsi i Ierkri
improvement s in fte jet wsake idefiit ion (Itv pe .1 wake ). Withi tlirese irpri verrueri
iii mind, version D was used aith a siritall rruucitieil un riel ti u prorice tie results
presented in this paper. Wi th tire, ext vii a' .ki gr id pi aries aiva ilativ Ii Versirn 1),
VS AERO will now he able to model tire wake o riginrat inrg frurir tire LE w vithi air
ample density of wake grid planes. With ii rsimui C e li miighutedi tio oril' .310 wake
grid planes, it wvould he doubhtfuli if it (-,)fild] have iTod('illier tire c"ituiilete aircraft

wvake satisfactoril.

4 Conclusions

VS AERO has beeir appl iid ti thre [/ A - 18 ligh ter aircraft . A iii nl srithI 20152 lii di

panels and 1125 wake panels, has been iuseid ti ireict Irhe aeruurivianic rcharacter-

istics of the aircraft at angles of attack ranging bietweni 0.0 ann 12.11 degrees. lihe
model exhibited numerical ilistairility fin tire iareirs swhere strong viirtex initeract io ns
oiccur. This problem ivas alleviated slightly whtent tire new versiin iirf VSAEi()

buecamne availale. 'The newr veon n prveil toi bei unire riohrust iii areas i(if vr irt ex
interact ions and also allowevd tihe i incInsirn iiif it grea te (I irl r i f wrake grid plairnes
wich in turn also hnelpedl t o implroive tire rnumerical sit nrlit i' Tlii prioblemn, Iriwesir,



V;St 11i .lir it I - IIIIir t '(IutIu , it la tu.tu r it -I I t dI it, Ilk Il i tllimi i

Ill [l it' \rte is i mlailitz uulgt dii I, uIwg iil,, d llu irI agi fiius-

2. kNliitcatjiiis t, te siftartt itt lines trnnud ltu vxhiist pitt's (riltiiiualtttil
f( r eatch angl I ii at tatkI

3 Tli I ltsiurI i f tlI( it fits ;iiil ht izj t I-t I al tIt s ; t( I

T.hlt, incitii i tit( 1.1-A taki.

flit tIttiftI has blt''ttjaiuel ituihlt' f lit- liiiutital tail at a fatil stting

anrgle (if 0,011 as is ilhst rat(i ili Figure 5 Ht sliuild lit tiutil litre, that a iffe~ret
motdl is riteileu fur tutu tail soti g atiglt.

The package tuse it i this paper has juutfir1iViiii ;ttltuIIItt lV arid hats prucclitit quite

a eptable rt'sillts it fiti midl uiuscti titiri' itiutificatiutis 4f \SA 111( thac ha

tri ild make' it lit rt isufil Ili t'e stud til juf it ts wit hu iiitlt'x get urittt us tntl

bet ant impri-d't itit i i41I nwtculiig itit ut-suci juts liiitw'-ti, it tuf t itts such.) its t lie
tiitg/blty ittrst'ct ii i. Methlitds if iruiveitg flhit, niultlliitg if vte ica trattit is

tetihld alsit hte f gnat asist utict t,, f lit, isir
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FIGURE 1 MODEL OF F/A-18 IN WATER TUNNEL



LEADING EDGE EXTENSION ILEX) CREATES VORTEX

VERTICAL TAIL EXCITED
IN 160 - 420 ADA RANGE, PEAK AT 28*

STABILATOR EXCITED
IN 100 - 260 ADA RANGE, PEAK AT 180 - 220

Fig. 2 The F/A-18 Aircraft and the general form of the

leading edge extension vortex, which causes the
fatigue damage to the stabilator and the
vertical stabiliser.
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Figure 4. General dimensions of F/A-18
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FIGURE 6 WAKE GEOMETRY OF A TYPICAL SOLUTION.

ANGLE OF ATTACK 8.0 DEGREES.
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VSA*RO VERSION C. LPI--6 0 DEG

SSAEOO VERSION ) AtIPI--6 0 0(G

FIGURE 10 COMPARISON BETWEEN VSAERO VERSION C AND

VSAERO VERSION D
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